Argonne°

NATIONAL LABORATORY

Data Management and Automation at the APS

2013 Three-Way Meeting
1 August 2013

Nicholas Schwarz

Principal Computer Scientist / Group Leader
Software Services Group

APS Engineering Support Division (AES)
Advanced Photon Source (APS)

@ US DEPARTMENT OF



Increasing Amounts and Complexity of Data

Detectors

Experiment Automation
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Fast Micro-Tomography

Beamline and Detector

= 2-BM

= pco.dimax (36GB of onboard RAM)
= 2K X 2K @ 16-bits

Tomography Dataset

=  Projections around 180 degrees
= ~1,500 FPS

= A few seconds of data collection

=  ~]1 minute readout
= Up to 11GB raw data per minute

Reconstruction
=  Takes ~5 minutes
m  Reconstructed data ~22GB
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X-ray Photon Correlation Spectroscopy

Beamline
= 81D
= Kinetics measurements

XPCS Data
= 2D images over time

= A few minutes to collect

45 GB, 120K H =  Varies from 0.5GB to 50GB
]
.

20 GB, 60K .
Reduction

0.8 GB, 80K =  Multi-tau autocorrelation

0.4 GB, 4K

0 2 4 6 8 10
computation time (minutes)
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APS Average Data Rate

Cumulative typical data volume at present: 112 TB/month

Cumulative maximum data volume: 368 TB/month

¥ Max Terabytes per month acquired

¥ Typical Terabytes per month acquired
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Increasing User Base
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Goals / Constraints

Goals

= Store detector data temporarily

= Reduce (analyze) data after acquisition

= Keep data for some moderate amount of time

= Facilitate ability of users to take their data home

Constraints

= Acquisition must be as robust as possible
= |nstitution policy (e.g. firewalls, ownership, etc.)
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Architecture
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Workflow Pipeline

= Series of actors connected by message queues
= Stage
— Acquisition
— Run data analysis
— Transfer files
— Many languages: C++, Java, Python
= Message queues
— Pass messages from one actor to the next
— JMS message queues (ActiveMQ)
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Pipeline Stages

Message Pipeline Stage Message

Stages are composed of two separate
classes:

=  Director

— interface with the message broker
= Actor

— run scan / analysis / file transfer
— save results [

— report status \

Run Action }

/
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Director

topic

queue

/ Director \
e e
i
T e

Broker interface = Update history

Handle job messages =  Maintain provenance
Control messages = Execute Actor
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Actor

= Actor
— Called by Director

— Abstract interface for concrete
implementation

— Execute job / analysis
— Report status

= Analysis
— External application
— Internal code
— Read input data from HDF5
— Write output data to HDF5
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Use Case: XPCS

Java / Hadoop
SPEC GridFTP 10 Node Cluster Python

‘ queue \ ‘ queue \ ‘ queue \
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Use Case: Tomography

/ acquisition \
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User Access to Data
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Globus Online

Provides access to APS data from the outside

Used by many user facilities and supercomputing
centers

Optimized bandwidth utilization for faster transfers

www.globusonline.org
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Globus Online

globus online

Transfer Files View Transfer Activity

Activate Endpoint: aps#clutch

Please Enter Your Credentials
*MyProxy Server clutch.aps.anl.gov:51000

e

(8 Sign Out

Get Globus Connect

Turn your computer into an endpoint.

Transfer Files

View Transfer Activity Get Globus Connect

Turn your computer into an endpoint.

§
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User / Scientist Perspective

namre
Publication
=  Multiple figures RULES 3
= Different types of data ENTRY ™ & o2

Cell Survival (%)

Laboratory Microscope Data
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User / Scientist Perspective

Three-Way Meeting - 1 August 2013

Even a single figure with
synchrotron data may
have data from multiple
facilities.

-
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Cell Survival (%)

~
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Normalize Intensity
Cell Finding Algorithm
Data Fusion
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Synchrotron Derived Data
Process of analyzing data

generates new knowledge
and data (and metadata).
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Globus Online Catalog

@ glObUS online Manage Data | Groups | Support | faisal

manage datasets ' start transfer view transfer activity manage endpoints ' dashboard

Catalog
=

Create Catalog

2013-07-30 [ v @ control_cds_ps75 180C_Fq2_003_0001-20481.hdf @
Filter by Annotation Owner: faisal
label:
Overview Tags Sharing Select Files | X

Edit Tags | Add Tags

specscan_data_number i
. . . normalization_method &
= Bridge across multiple Globus Online ﬂ
. specfile &
endpoints )
output_file_local &
= User builds meaningful metadata catalogs e E
= Not a facility-centric perspective of data neis %
flatfield_enabled &
file_mode &
blemish_enabled &
compression é/v

20130730 [ ¢ @ R056_G14_p01_30C_PICCD_Sq1_0001-0505.hdf @

Owner: faisal
label:
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Globus Online Catalog

@ glObUS online Manage Data | Groups | Support | faisal

Catalog
AES M|

Create Catalog

Filter by Annotation

= Pilot techniques at the APS

= Push data to user specified catalog at
end of acquisition

= Read data to a catalog when selected
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manage datasets ' start transfer view transfer activity manage endpoints ' dashboard

2013-07-30 [ v @ control_cds_ps75 180C_Fq2_003_0001-20481.hdf @
Owner: faisal
label:
Overview Tags Sharing Select Files | X

Edit Tags | Add Tags

specscan_data_number &
normalization_method &
specfile &
output_file_local &
output_data &
kinetics &
flatfield_enabled &
file_mode &
blemish_enabled &
compression &
2013-07-30 [ iy @ R056_G14_p01_30C_PICCD_Sq1_0001-0505.hdf 3]

Owner: faisal
label:
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Thank you!
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